ABSTRACT In an attempt to distinguish reactive from neoplastic mesothelial proliferation, the histological material and clinical records of 153 patients on whom open or closed pleural biopsies were performed during 1976 were reviewed. In six of the 10 patients subsequently shown to have malignant mesothelioma the specimens from closed pleural biopsy had been reported as negative or equivocal but in retrospect showed changes not observed in reactive pleurisy. These included papillary mesothelial proliferation, exfoliated papillae, sheets of atypical mesothelial cells, and abnormal fibroblastic proliferation. In contrast, in inflammatory conditions the mesothelial lining was usually replaced by granulation tissue, although sheets or clumps of exfoliated mesothelial cells were often present in the corresponding pleural fluid clot. Some multilayering of parietal mesothelium was occasionally seen in chronic pleurisy and around metastases.
Introduction
Although pleural diseases associated with asbestos are relatively common in the community served by the Southampton hospitals we can seldom diagnose malignant mesothelioma confidently from routine closed pleural biopsies. Specimens can be taken only from the parietal pleura and in many cases little tissue is obtained. Furthermore, the biopsy is usually directed for convenience of aspirating pleural fluid rather than for accurate histological sampling. Even in those biopsy specimens where sufficient mesothelial tissue is included the distinction from reactive mesothelial proliferation or secondary carcinoma may be difficult. In addition, cytological examination of pleural fluid aspirates is less reliable in malignant mesothelioma than in metastatic carcinoma."1 As a result mesothelioma is usually diagnosed at thoracoscopy, thoracotomy, or necropsy, although drill biopsy specimens, in the absence of fluid, may be diagnostic.
In an attempt to establish criteria by which mesothelioma might be suspected in needle biopsy specimens we have reviewed the surgical biopsy material examined in our laboratory in one year. Particular attention was paid to the changes in closed biopsy specimens from patients later shown to have malignant mesothelioma. In some cases additional sections of the pleural biopsy specimens were cut and special stains, such as diastase PAS, Hales colloidal iron, and alcian blue (pH 1 0 and 2 5), with and without hyaluronidase, were used.
Methods

Results
HISTOLOGICAL CHANGES IN CLOSED PLEURAL BIOPSY SPECIMENS
The majority of closed biopsy specimens were obtained with an Abram's needle after aspiration of pleural fluid. In a small proportion a drill biopsy technique was used. The histological diagnoses made from these specimens are summarised in table 1. In almost half (43 biopsies) only skeletal muscle, adipose tissue, or fibrin was retrieved and In cases of reactive pleurisy mesothelial cells were present either as a monolayer or in non-cohesive exfoliated clumps in close association with the underlying pleural connective tissue. In some areas in which active fibrous organisation was in progress nests of plump multilayered mesothelial cells were in close contact with the pleural surface of the sample. The biopsy specimens that provided the most diagnostic difficulty were from the four patients with reactive mesothelial and carcinoma cells. The malignant cells were either embedded in florid disorganised granulation tissue or closely associated with multilayered clumps of hyperplastic mesothelial cells. In some cases it was difficult to distinguish individual carcinoma from reactive pleural cells.
Seven biopsy specimens (from six patients) showed mesothelial proliferative changes which we felt, in retrospect, must be regarded as neoplastic. Five of these six patients had subsequent histological confirmation of mesothelioma at thoracotomy or necropsy, and the sixth had a history strongly suggestive of mesothelioma although he died without further investigation. These changes were:
(1) Papillary proliferation of mesothelial cells (three patients: figs 1-3) -In one patient invasive papillary tumour was present in a directed drill biopsy specimen and this was reported at the time as probable mesothelioma (fig 3) . In the other two cases unequivocal papillary processes were identified. These were covered by mesothelium and had definite connective tissue cores. No unquestionable invasion into the underlying fibrous tissue was shown. (table 4) . In one the diagnosis had been suggested in the original report but the papillary and acinar structures were very like those seen in carcinomatous effusions. In the other the clumps of cells, although forming papillary clusters, were cytologically benign.
Discussion
The object of the present study was to compare the histological changes in reactive pleurisy and malignant pleural effusions with those seen in patients later found to have malignant mesothelioma. We hoped that in this way criteria could be developed by which mesothelioma might be suspected in needle biopsy specimens, and an early definitive diagnosis established by subsequent thoracoscopy or thoracotomy. This is of increasing importance in centres where pleuropneumonectomy is available for patients with mesothelioma as this procedure can be p 819 t.
-00-n, I contemplated only if the diagnosis is made in the early stages of the disease. We agree with others that needle biopsy of the pleura is seldom diagnostic in malignant mesothelioma,78 and that cytological evaluation of pleural fluid (or, as in this study, sections of clots from aspirated fluid) is less reliable for mesothelioma than for metastatic carcinoma. Our study has shown that mesothelial cells are present in only a minority of needle biopsy specimens (table 1), although they are frequently seen in large numbers as exfoliated cells in pleural fluid. In chronic fibrous pleurisy a monolayer, and occasionally a multilayer, of mesothelial cells may be present on the parietal pleura. In the absence of malignant mesothelioma, however, we failed to identify any case in which there was papillary proliferation of surface mesothelioma. Furthermore, in a previous detailed examination of the visceral and parietal pleura in 100 unselected necropsies9 we found no evidence of true papillary mesothelial hyperplasia, although finger-like projections of fibrous granulation tissue were occasionally seen in and around areas of pleural fibrosis. Others have reported that mesothelial hyperplasia is common in specimens from biopsies preceding the diagnosis of mesotheliomal'; but it is emphasised that papillary proliferation of mesothelioma has been described in hernial sacs,'t and cystic hyperplasia of the peritoneal mesothelium has been confused with ovarian cystadenocarcinoma. ' 2 From this evidence we conclude that the finding of papillary structures in the pleura with definite connective tissue cores is a positive indication for thoracoscopy or thoracotomy, although it may not by itself be diagnostic of mesothelioma.
The histological evaluation of atypical fibroblastic proliferation in a small pleural biopsy specimen is a much more difficult problem. In small needle biopsy specimens the fibrous pleural reaction to metastatic carcinoma can easily be confused with malignant mesothelioma. In inflammatory pleurisy, however, the histological pattern is predictable. The mesothelium is usually replaced by a superficial inflammatory exudate, the intermediate layer is composed of vascular granulation tissue, and there are underlying bands of connective tissue orientated parallel to the pleural surface. In contrast, the collagen and fibroblasts in malignant mesothelioma are haphazardly arranged and granulation tissue is usually absent (figs 4, 5, and 7). Although atypical fibroblastic proliferation can seldom be diagnostic of malignant mesothelioma, in our view it should be an additional indication for further investigation.
It is well established that exfoliated mesothelial cells, whether seen in sections of biopsy specimens and clots or in cytological preparations, may assume an atypical, or pleomorphic, cytological appearance. These changes make the distinction between malignant and exfoliated mesothelial cells notoriously difficult. In the present study both malignant mesothelioma and metastatic carcinoma could produce very similar acinar and papillary structures in pleural fluid clots.
An understanding of the histopathology of reactive pleurisy is essential for interpretation of minor change in small biopsy specimens. In particular, we have emphasised the fact that mesothelial cells normally exfoliate in reactive processes and that true proliferative changes are unusual. The changes described here in biopsy specimens from patients who later proved to have malignant mesothelioma were sometimes insufficient for a definitive diagnosis. Such changes could, however, be regarded as indications for thoracoscopy or thoracotomy so that Herbert, Gallagher 820
